INTRODUCTION
The Water Shrew, Neomys fodiens, is one of Britain's least known mammals. Although it has a wide geographical distribution within the British Isles, it has a sporadic and localized occurrence, and remarkably little is known about its habitat requirements. The Water Shrew has never been the subject of a nationwide survey in Britain, and evidence of its occurrence is patchy. Although a number of field studies have elucidated much about its population dynamics, feeding ecology and movement patterns (e.g. Shillito, 1963; Wol ¢ k, 1976; Churchfield, 1984a,b; Van Bemmel & Voesenek, 1984; Lardet, 1988; Cantoni, 1993; Castién, 1995) , little is known of its habitat preferences, and its current conservation status remains unknown. It is an elusive species which leaves little evidence of its presence. Any field signs remain well hidden amongst the vegetation, so it does not easily lend itself to a wide-scale survey. The usual methods of surveying small terrestrial mammals by live-trapping or hair-tubes (Dickman, 1986 ) are expensive and/or labour-intensive. In order to encourage surveys of Water Shrews over a large area and a range of habitats an alternative economical method is required.
The method devised here was based on the observation that shrews (including Water Shrews) readily investigate novel objects and frequently defaecate on and inside such objects. The appearance, consistency and contents of the scats can provide a guide to the species which has produced them. The remains of aquatic invertebrates (e.g. Asellus aquaticus, Gammarus pulex and Trichoptera larvae) in scats confirms the presence of Water Shrews, as coexisting terrestrial shrews very rarely feed on these prey (Churchfield, 1984a) . These prey are easily identified in scats by scanning with the aid of a binocular microscope; the presence of freshwater crustaceans can often be detected with the naked eye.
METHODS

Testing designs of bait tubes
The survey apparatus comprised plastic 'bait tubes' cut from lengths of waste pipe readily obtainable from major DIY stores and plumbers' merchants. Trials were conducted to test the efficacy of different types of commonly available pipes. Trial 1 tested different diameters/colours of bait tube while trial 2 tested different lengths of bait tube (see Table 1 ). To encourage shrews to enter the bait tubes and linger long enough to defaecate, a small handful of prefrozen Blowfly pupae (Calliphora sp.) was deposited in each tube, held in place by a piece of fine nylon net secured with an elastic band at one end of the tube.
The site selected for the preliminary trials was disused watercress beds at Lemsford Springs Nature Reserve, Hertfordshire, where live-trapping had confirmed that Water Shrews were present. Twelve sampling points were established at approximately 6 m intervals along a well-vegetated bank (dominated by a mixture of grasses and sedges plus Epilobium angustifolium, Urtica dioica and Cirsium spp.) some 120 m long bordering the disused watercress beds (Rorippa nasturtium-aquaticum) where mark-recapture had revealed Water Shrews to be active. In Trial 1, one bait tube of each of the three diameters/colours was placed within 1 m of each sampling point and within 1 m of each other. In Trial 2, one bait tube of each of the three lengths was placed at each sampling point, as above. Bait tubes were placed horizontally amongst the vegetation on the ground surface, close to the water, secured where necessary with two hoops of wire pushed into the substratum. Care was taken to ensure that the open end of each tube was placed firmly against the substratum and was free of obstruction. Trials were conducted between October and February and bait tubes were left in situ for 2 weeks (with no additional baiting) before collection.
Comparison of bait tube survey with live-trapping
An investigation of the relative success rates of bait tubes and live-trapping in determining habitat occurrence of N. fodiens was possible following a live-trapping survey at Lemsford Springs Nature Reserve early in September 1997. Longworth live-traps baited with Blowfly pupae were placed at 42 sites (two traps per site) distributed amongst a variety of habitats, including disused watercress beds, pond, river, stream and meadow, in the 3.7 ha study area. They were left for 3 days and nights and examined four times daily. All captures were recorded, Water Shrews being individually marked by fur-clipping before release at the point of capture. Twelve days after live-trapping finished, 42 white plastic bait tubes (40 mm diameter, 300 mm long) were placed singly at sites distributed amongst the same habitats, and left in situ for 2 weeks.
Testing bait tubes at different field sites
Once the basic design of the bait tube was developed and tested in a site known to support N. fodiens, more extensive trials were conducted to test their use in a variety of semi-aquatic habitats in Hertfordshire, UK without simultaneous live-trapping to confirm their presence: (1) Sarratt Bottom: approximately 3 ha of commercial watercress beds, river-side and adjacent water-meadow (2) Stanborough A1: approximately 1 ha of marsh, unmanaged reed bed and drainage ditch (dominated by Phragmites communis, Carex spp., Juncus spp., and Epilobium angustifolium), and (3) Stanborough Reed Beds Nature Reserve: approximately 2.5 ha of part-managed reed bed, drainage ditch and pond (dominated by P. communis, Carex spp. and Salix spp.). Between 30 and 53 white plastic bait tubes of 40 mm diameter were used per site. For logistical reasons, those at Sarratt Bottom were 300 mm in length, whereas those at the Stanborough sites were 200 mm. They were set singly at approximately 10 m intervals and left in situ for 2 weeks between September and February 1997-1999 .
Treatment and analysis of scats
Following collection, the bait tubes were air-dried before the contents were removed. Remains of bait were discarded and the scats (including all fragments) were stored dry in specimen tubes to await inspection. Rodent and shrew scats were distinguished on the basis of their appearance and consistency, shrew scats being readily identified by their granular consistency due to the presence of abundant fragments of arthropod chitin, and the ease with which they crumbled when pressed gently. Dried Water Shrew scats were characteristically greyish in colour, containing white pieces of crustacean exoskeleton often clearly visible with the naked eye. Their identity was confirmed by scanning for prey remains under a binocular microscope and comparing them with a reference collection of common freshwater invertebrates.
RESULTS
Results from the trials investigating the design of the bait tubes are shown in Table 1 . Approximately 50% of all bait tubes showed positive signs of Water Shrews. Their presence was confirmed by the identification of freshwater crustaceans (Gammarus and Asellus) in the scats. There was no difference in occupancy by N. fodiens between bait tubes of different diameters/colours or between bait tubes of different lengths (c 2 = 0.118, P > 0.9). However, the white tubes were re-located much more readily in the field than either the grey or black tubes, which were extremely inconspicuous amongst the vegetation. Also, the white tubes could be numbered with indelible pen to aid location. The shorter tubes were easier to place horizontally on an uneven substratum.
The results comparing the success of bait tubes and live-trapping at Lemsford Springs are shown in Table 2 . Water Shrews were identified by the presence of Gammarus and/or Asellus in 71% of samples, and Trichoptera and Chironomidae larvae in the remainder. Bait tubes compared favourably with live-traps in recording the presence of Water Shrews in a variety of habitats. Differences in the sampling protocol necessitates caution in the interpretation of the results (see Table 2 ), but Water Shrews were recorded in more habitats in the bait tube survey than in the live-trapping survey. It was not possible to determine the number of individuals using the bait tubes (as it was with the live-traps).
Results of the trials testing the use of bait tubes in a variety of sites and habitats are shown in Table 3 . Results from Lemsford Springs are included for comparison. The proportion of bait tubes occupied by N. fodiens differed from site to site. Although fewer bait tubes were occupied by Water Shrews at Sarratt Bottom than at Lemsford Springs, again they were found in a variety of situations. Most were found on isolated grass banks surrounded by watercress beds and/or river, but some were found at the woodland edge of the watercress beds and at the riverside in the water-meadow. Two instances of Water Shrews were found in the wooden pump houses serving the watercress beds. Water Shrews were identified by the presence of Gammarus and/or Asellus in 86% and Trichoptera larvae in 14% of samples. Several positive records for Water Shrews were obtained in the reed bed and marsh site bordering a drainage ditch at Stanborough A1. All were identified by the presence of Gammarus in the samples. At Stanborough Reed Beds, only two instances of Water Shrews were recorded: beside an open-water channel running through the reed bed, and near to a pond. Both sites were very wet at the time of sampling in February.
In addition to Water Shrews, several other species of small mammal were found to use the bait tubes. Scats of the terrestrial shrews Sorex araneus and S. minutus were identified, along with those of Apodemus sylvaticus, Micromys minutus and Clethrionomys glareolus. The occupancy by small rodents was very high (Table 3) , particularly at Stanborough, where 69% of tubes contained signs of A. sylvaticus and 43% of M. minutus, identified by the size, colour, consistency and contents of the scats.
DISCUSSION
There are criticisms and limitations associated with the use of bait tubes as a reliable survey method for Water Shrews. Firstly, it relies on the accurate identification of aquatic invertebrates to indicate their presence. Neomys fodiens does not subsist entirely on aquatic invertebrates but also feeds on a variety of terrestrial invertebrates. Nevertheless, freshwater invertebrates comprised between 33 and 67% (mean 49%) of dietary occurrences in aquatic sites in southern England (Churchfield, 1984a) , approximately 45% by volume in the Slovak Carpathians (Kuvikova, 1985) and at least 80% of the diet at stream-sides in Switzerland (DuPasquier & Cantoni, 1992) . Only 11% of scat samples examined by Churchfield (1998) contained no aquatic invertebrates.
Very rarely, terrestrial shrews eat freshwater invertebrates when living in aquatic habitats. Only six out of 242 scat samples examined from S. araneus and one out of 35 samples from S. minutus contained minute traces of freshwater prey. The scats of these shrews are usually distinguishable from those of N. fodiens on the basis of size, and the small volume of aquatic prey contained in terrestrial shrew scats compared with those of Water Shrews.
The most readily identifiable aquatic prey items in scats of Water Shrews are freshwater crustaceans (Asellus and Gammarus) and Trichoptera larvae, as these are eaten in large numbers. The frequency of occurrence of aquatic crustaceans is 50-100% (mean 72%) and of Trichoptera larvae 6-100% (mean 30%) (Churchfield, 1984a) . Trichoptera larvae have distinctive claws to aid identification, clearly distinguishable from those of other, terrestrial, arthropod prey. Freshwater crustaceans, particularly Asellus, could be confused with terrestrial isopods, which are also eaten occasionally by Water Shrews. The two can be distinguished under the microscope with the aid of a reference collection. In fact, terrestrial isopods comprised only 1-12% of all dietary occurrences of Water Shrews in southern England, compared with 26-32% for aquatic crustaceans (Churchfield, 1984a) . Neither freshwater nor terrestrial Isopoda made a significant contribution to the diets of Water Shrews in studies made elsewhere in Europe (Niethammer, 1978; DuPasquier & Cantoni, 1992; Castién, 1995) .
The bait tube survey method can only be used reliably in habitats where Water Shrews have access to aquatic prey. The presence of freshwater invertebrates is the only sure way of distinguishing the scats of Water Shrews from those of the terrestrial shrews (S. araneus and S. minutus), which frequently coexist with them in the same habitat. Although the scats of N. fodiens are considerably larger (usually > 5 mm in length) than those of Sorex spp., size alone is an unreliable guide in bait tubes where scats are frequently crushed as the animals move about inside.
Another limitation of the method is the paucity of information it can provide on population density, as do hair tubes. However, we know something of the home range sizes and daily movement patterns of Water Shrews (Illing et al., 1981; Churchfield, 1984b; Van Bemmel & Voesenek, 1984; Lardet, 1988; Cantoni, 1993) , so this problem could be addressed by the placing of tubes in sufficient numbers and at suitable intervals to increase the probability of covering a number of Water Shrew home ranges/territories, and gain information on relative population densities in different sites.
Notwithstanding their limitations, the bait tubes proved successful as a survey technique for Water Shrews in aquatic habitats. It can be used as a cheap and easy technique to confirm their presence in an area, it can provide information on habitat use, on the other small mammals inhabiting the area and, with careful sampling protocol, could provide data on relative population densities in different areas/habitats.
The method has potential for surveying semi-aquatic shrews besides N. fodiens (e.g. N. anomalus, N. schelkovnikovi, Sorex palustris, S. bendirii, Nectogale elegans, Chimarrogale spp.) and possibly even desmans.
Recommendations on the use of bait tubes
The results here suggest that the diameter and length of the bait tube is not critical to its success. The most economical design revealed in our trials is white tubing of 40 mm diameter and 150 mm length, which provides 13 bait tubes from a standard 2 m length waste pipe (current price £2.08). Blowfly pupae are the recommended bait (prefrozen to prevent emergence) because shrews are attracted to them and they can be distinguished readily in the scats. It proved unnecessary to re-bait the tubes during their 2 weeks in the field. The nylon net baffle was frequently bitten through by small mammals but this was unimportant because its only function was to contain the bait during transit and installation of the bait tubes.
To maximize success, bait tubes should be placed close to the water in aquatic habitats and amongst cover wherever possible. Those placed in open, exposed sites were less successful in attracting Water Shrews. Thorough drying (or freezing) of the resulting scat samples enables them to be stored for an unlimited time before examination.
Each of the surveys reported here was successful in recording Water Shrews, even those carried out in mid-winter. The timing of surveys should not be critical (except where comparisons of relative population densities are attempted), as Water Shrews are active throughout the year, and they feed on freshwater invertebrates in all seasons (Churchfield, 1984a (Churchfield, , b, 1985 . We have employed the method successfully in summer and winter. During and after the summer breeding season, population density is highest, and so is dispersal (Churchfield, 1984b) . At this time, Water Shrews can be found in many different habitats, even those far from water. In winter, density is lower, populations are more stable and Water Shrews are more likely to inhabit optimum sites.
